Electronic Version 
Stylesheet Version vl.1.1 



Description 



ELECTRICAL DETECTION OF DICING 
DAMAGE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates generally to electrical detec- 
tion of dicing damage to IC (integrated circuit) chips. More 
particularly, the subject invention pertains to a method 
and system for electrical detection of damaged moisture 
barrier/edge seals on IC chips which include a low-K di- 
electric material, a moisture barrier/edge seal for the IC 
chip, and a moisture damage sensor circuit positioned on 
the IC chip in proximity to the moisture barrier/edge seal. 
One or a plurality of moisture barrier/edge seals can be 
positioned along peripheral edges of the IC chip, and one 
or more moisture damage sensor circuit(s) can be posi- 
tioned between the plurality of moisture barrier/edge 
seal(s), or between an active area of the IC chip and the 
moisture barrier/edge seal(s), or on a peripheral area of 



the IC chip outside of the moisture barrier/edge seal(s). 
The sensor circuit is comprised of a single or a plurality 
of, via chain(s) including a plurality of vias connected in 
series, or wire monitor circuit(s) extending in a serpentine 
conductive path through a plurality of wiring levels and 
vias, or interconnect(s), and the system can monitor the 
resistance(s) or leakage(s) or ratio(s) of parameters of the 
sensor circuit(s). 
[0003] 2. Discussion of the Prior Art 

[0004] During an IC chip dicing operation, cracks can propagate 
into the active area of the IC chip, causing fails. Inspec- 
tions are generally performed after dicing to make sure 
cracks have not propagated into the chip. Performing an 
optical microscope inspection on the edges of samples of 
a chip population is satisfactory for IC chips with conven- 
tional Si02 dielectrics which do not rely on an edge seal. 

[0005] However, for IC chips with low K dielectrics and moisture 
barrier/edge seals, this microscopic optical inspection ap- 
proach can lead to reliability problems because it is ex- 
pensive to inspect all IC chips, and also such microscopic 
optical inspections are somewhat subjective in nature. 

[0006] ic chips with low K dielectrics and metal interconnects 

which do not form a self-passivating oxide layer, such as 



copper or silver interconnects, are susceptible to moisture 
ingress-induced corrosion, and accordingly moisture bar- 
rier/edge seals are required to prevent moisture from en- 
tering the IC devices. Water can diffuse through low K ma- 
terials, such as polymers or porous glass, and oxidize the 
metal wires, causing their resistance to increase or caus- 
ing leakage between wires due to a volume expansion as- 
sociated with oxidation of the metal wires. If the moisture 
barrier/edge seal is damaged, then moisture can enter the 
IC device during operation, causing failure. Unfortunately, 
the failure can occur slowly, creating a reliability problem 
which is difficult to screen for. Therefore, it would be de- 
sirable to be able to detect IC chips with damaged mois- 
ture barrier/edge seals before they are shipped to cus- 
tomers. 
Summary of Invention 

[0007] Accordingly, it is a primary object of the present invention 
to provide for electrical detection of dicing damage to 
moisture barrier/edge seals of IC chips. The subject in- 
vention provides a system and method for detecting 
moisture penetration into an IC chip having an insulator 
which includes a low-K dielectric material, a moisture 
barrier/edge seal for the IC chip, and a moisture damage 



sensor circuit positioned on the IC chip in proximity to the 
moisture barrier/edge seal. 

[0008] | n greater detail, a plurality of moisture barrier/edge seals 
can be positioned along peripheral edges of the IC chip, 
and the moisture damage sensor circuit can be positioned 
between the plurality of moisture barrier/edge seals, or 
positioned between an active area of the IC chip and the 
plurality of moisture barrier/edge seals, or positioned on 
a peripheral area of the IC chip outside of the plurality of 
moisture barrier/edge seals. 

[0009] a reference sensor circuit can also be positioned on the IC 
chip, and an electrical parameter such as the resistance or 
leakage or a ratio of the moisture damage sensor circuit 
compared to the same electrical parameter of the refer- 
ence sensor circuit. 

[0010] The sensor circuit can comprises a via chain including a 
plurality of vias connected in series, or a wire monitor cir- 
cuit extending in a serpentine conductive path through a 
plurality of wiring levels and vias of the IC chip. 

[0011] a plurality of sensor circuits can be positioned along pe- 
ripheral edges of the IC chip to detect when the moisture 
barrier/edge seal on the IC chip is damaged, and the plu- 
rality of sensor circuits can be wired together in series to 



form a single detection circuit. The plurality of sensor cir- 
cuits can comprise a plurality of via chains or wiring levels 
or interconnects, and the system can monitor the resis- 
tances, or leakages, or ratios of the plurality of sensor cir- 
cuits or of two neighboring sensor circuits. 
Brief Description of Drawings 

[0012] The foregoing objects of the present invention for electri- 
cal detection of dicing damage to IC chips may be more 
readily understood by one skilled in the art with reference 
being had to the following detailed description of several 
embodiments thereof, taken in conjunction with the ac- 
companying drawings wherein like elements are desig- 
nated by identical reference numerals throughout the sev- 
eral views, and in which: 

[0013] Figure 1 illustrates the use of simple detection or sensor 
circuits on the edge of an IC chip to detect when a mois- 
ture barrier/edge seal on the IC chip is damaged. 

[0014] Figures 2(a) and 2(b) are cross sectional views of an inte- 
grated circuit chip having two moisture barrier/edge seals 
and a corrosion detector or sensor, with Figure 2(a) show- 
ing the corrosion detector or sensor placed between the 
two moisture barrier/edge seals, and Figure 2(b) showing 
the corrosion detector or sensor placed at the IC chip on 



the right side of the two moisture barrier/edge seals. 

[0015] Figure 3 is a cross sectional view of a preferred embodi- 
ment of a stacked via chain detector or sensor circuit for a 
7 level of metal integrated circuit. 

[0016] Figure 4 is a cross sectional view of a single level wire 

sensor circuit which extends over a plurality of wire levels 
connected in series by vias at opposite ends of each 
wiring level, such that the conductive wire path of the 
sensor circuit forms a serpentine conductive path which 
zig zags back and forth over wire levels and vias of the IC 
chip. 

[0017] Figure 5 is a cross sectional view of a stacked wire moni- 
tor which combines the approaches of the embodiments 
of Figures 3 and 4. 
Detailed Description 

[0018] Figure 1 illustrates the use of simple detection or sensor 
circuits on the edge of an IC chip to detect when a mois- 
ture barrier/edge seal on the IC chip is damaged, and il- 
lustrates an IC chip having four detection circuits or sen- 
sors CI, C2, C3 and C4 positioned along the four length 
and width segments of the IC chip to surround the outer 
moisture barrier/edge seal of the IC chip. In one preferred 
embodiment, the four detection circuits or sensors CI, 



C2, C3 and C4 are four via chains as described in further 
detail below which are wired together in series to form a 
single detection or sensor circuit. 

[0019] Some of the detection circuits that can be used for the 
sensors Cn are as follows: 

[0020] a V j a chain to monitor resistance of the via chain or resis- 
tance ratios of several via chains; 

[0021] an interconnect to monitor resistance of the interconnect 
or resistance ratios of several interconnects ; and 

[0022] t wo neighboring interconnects to monitor leakage of the 
two neighboring interconnects or leakage ratios of the two 
neighboring interconnects. 

[0023] Figures 2(a) and 2(b) are cross sectional views of an inte- 
grated circuit chip having two moisture barrier/edge seals 
and a corrosion detector or sensor, with Figure 2(a) show- 
ing the corrosion detector or sensor 20 placed between 
the two moisture barrier/edge seals 22, and Figure 2(b) 
showing the corrosion detector or sensor 20 placed at the 
IC chip on the right side of the two moisture barrier/edge 
seals 22. 

[0024] Figure 2(b) actually represents two different embodi- 
ments, a first embodiment wherein the active circuit area 
of the IC chip is to the left of the two moisture barrier/ 



edge seals such that the corrosion detector or sensor is 
placed on the IC chip peripheral area outside of the two 
moisture barrier/edge seals, and a second embodiment 
wherein the active circuit area of the IC chip is to the right 
of the corrosion detector or sensor such that the corro- 
sion detector or sensor is placed on the IC chip inside of 
the two moisture barrier/edge seals. Accordingly, Figure 2 
illustrates the placement of the corrosion detector or sen- 
sor circuit adjacent to two moisture barrier/edge seals on 
an IC chip, either outside the moisture barrier/edge seals 
or inside the moisture barrier/edge seals. If the corrosion 
detector or sensor circuit is placed outside the moisture 
barrier/edge seal, it will be affected by any dicing defect 
that affects the moisture barrier/edge seal. If the corro- 
sion detection or sensor circuit is placed inside the mois- 
ture barrier/edge seal, it will be affected after the outer 
moisture barrier/edge seal is damaged during dicing. 
[0025] The detector or sensor circuit could be used during a 

burn-in process at high temperatures and humidities to 
detect moisture barrier/edge seal fails, before the diced 
and/or packaged IC chip is shipped. In either case, 
whether the detector or sensor circuit is placed outside 
the moisture barrier/edge seal(s) or is placed inside the 



moisture barrier/edge seal(s), dicing damage that extends 
to the moisture barrier/edge seal(s) will cause the resis- 
tance of the detector or sensor circuit to increase. By 
sensing this resistance of the detector or sensor circuit as 
part of the built-in self-test of the chip, it is possible to 
determine if the moisture barrier/edge seal(s) has been 
damaged or not. 
[0026] jo improve sensitivity, the resistance (or leakage) of the 
damage detector or sensor device can be compared to a 
reference device; if the damage detector or sensor is bro- 
ken up into multiple sections (e.g. one sensor per side of 
the IC chip), then the resistance ratios of the multiple sec- 
tions can be used to determine if one sensor section has 
been damaged. 

[0027] The use of control sensor structures with identical designs 
is preferred but is not required, since wire resistance and 
via resistance or wire to wire leakage current shifts 
slightly during a normal 10 year period of operation of an 
IC chip, and normalizing each control sensor structure to 
a reference control sensor structure eliminates these 
shifts in operating parameters. If a change or shift in a re- 
sistance or leakage current is detected, the IC part is 
flagged or scrapped. This method can be used to screen 



IC parts that have poor reliability due to damaged mois- 
ture barrier/edge seals. 

[0028] Control detector or sensor structures can also be placed 

inside the IC chip to sense non-edge seal related fails. Ex- 
emplary applications would place these control detector or 
sensor structures around fuse bays and/or around 
C4/wirebond pads. 

[0029] | n eac h 0 f the embodiments of Figures 3-5, an exemplary 
integrated circuit includes a lowest layer comprised of 
BPSG (borophoso silicate glass) separating metal conduc- 
tive local wiring segments LW, and having seven metal 
layers M1-M7 on top thereof. The metal layers are desig- 
nated M1-M7 and have vias designated V0-V6 therein. As 
an example, and illustrated on the right, metal layers 
M1-M5 might have a low K dielectric such as Silk, which is 
a trade name of Dow Corning for a polymer low K dielec- 
tric, and metal layers M6-M7 might have a low K dielectric 
of FSG (fluoro silicate glass). 

[0030] Figure 3 is a cross sectional view of a preferred embodi- 
ment of a stacked via chain detector or sensor circuit for a 
7 level of metal integrated circuit. The stacked via chain is 
a preferred embodiment as it is a very sensitive structure 
to water ingress into an IC part. The vias V0-V6 are shown 



staggered which represents slight misalignments of the 
masks used to form the vias, and the via chain connection 
starts at the bottom local wiring segment LW and pro- 
ceeds upwardly through successive vias V0-V6, and 
crosses over through a top metal connector M7, and then 
proceeds downwardly through successive vias V6-V0 to 
the next local wiring segment 32, and etc. to form a ser- 
pentine conductive path. 
[0031] Figure 3 illustrates a via-chain monitor for a via chain 
starting at PC, diffusion, or MC level and ending at last 
metal. For example, for a 6 level of metal PowerPC chip, 
the via chain would loop up and down using MC- 
CA- 

M1-V1-M2-V2-M3-V3-M4-VC-MG-VG-MG-VC-M4-V3- 
M3-V2-M2-V1-M1-CA-MC-CA-.... 
[0032] This via chain would be placed to surround the entire IC 
chip, and preferably is broken up into two or more sepa- 
rate via chains, similar to the embodiment of Figure 1 
which has four via chains (CI, C2, C3, C4). The resistance 
ratio of each via chain to one or more control via chains, 
inside the IC chip, or to each other would be measured 
prior to the burn-in process. After burn-in, or at anytime 
in the future, including when the IC chip is in the field, if 



the resistance ratio shifts above a predetermined thresh- 
old, then the IC chip would be flagged as having a corro- 
sion fail. 

[0033] The magnitude of the resistance for the via-chain monitor 
in figure 3 is estimated for alO mm* 10mm chip, assum- 
ing the following: 

[0034] 4 ohms per via chain or stack, 

[0035] o.5 ohms/square MC or silicide sheet resistance, 

[0036] o.05 ohms/square copper wire sheet resistance, 

[0037] 3 micron on center spacing between adjacent via chains or 
stacks, 

[0038] 150 nm MC or silicide width, 

[0039] i-micron last metal copper wire width. 

[0040] using these values results in the following calculated re- 
sistance for an undamaged test structure:. 

[0041] T 0ta | V i a contact resistance = 4* 10000 microns * 4 
ohms/3 microns = 53.3-kOhm. 

[0042] Total MC or silicide resistance = 0.5 ohms * 40000 mi- 
crons/0.2 microns = 100-kOhm. 

[0043] Total last metal copper wire resistance = 0.05 ohms * 
40000 microns/1 micron = 2-kOhm. 



[0044] T 0ta | via chain monitor resistance = 53.3 + 100 + 2kOhm 
~ 155-kOhm. 

[0045] Figure 4 is a cross sectional view of a single level wire 

sensor for a 7 level of metal integrated circuit wherein the 
compositions of the individual layers of the embodiment 
of Figure 4 could be the same as described with respect to 
the embodiment of Figure 3. The sensor circuit comprises 
a plurality of wire levels M1-M7, with a minimum of two 
vias Vn per wiring level, and the plurality of wire levels 
M1-M7 are connected in series by vias V0-V6 at opposite 
ends of each wiring level extending between the wiring 
levels, such that the conductive wire path of the sensor 
circuit forms a serpentine conductive path which zig zags 
back and forth over wire levels and vias of the IC chip. The 
wire sensor of Figure 4 can be used to sense a corrosion 
fail in the same manner as the previously described via 
chain monitor. 

[0046] Figure 4 illustrates a wire monitor wherein the conductive 
wire path starts at the local wiring level LW on the bottom 
left, proceeds up through via V0 on the left, extends from 
left to right through wire Ml, proceeds up through via VI 
on the right, extends from right to left through wire M2, 
and etc. in a serpentine conductive path. In this embodi- 



ment, the length of wires is much longer than that in fig- 
ure 3, but the number of vias is much less. Therefore , the 
wire monitor in figure 4 will be more sensitive to defects 
that mainly cause corrosion of wires, whereas the via 
monitor in figure 3 will be more sensitive to defects that 
mainly cause corrosion of vias. Another advantage of the 
wire monitor compared to the via monitor is that it will 
have considerably lower resistance. 

[0047] The magnitude of the resistance for the wire monitor in 
figure 4 is estimated for a 10 mm* 10mm chip, assuming 
the following: 

[0048] o.05 ohms/square copper wire resistance, 

[0049] o.5-micron average wire width, 

[0050] using these values results in the following calculated re- 
sistance for an undamaged test structure 

[0051] T 0ta | W j re resistance = 7 levels * 0.05 ohms * 40000 mi- 
crons/0.5 micron = 28-kOhm. 

[0052] Figure 5 is a cross sectional view of a single level wire 

sensor for a 7 level of metal integrated circuit. The com- 
positions of the individual layers of the embodiment of 
Figure 5 could be the same as described with respect to 
the embodiment of Figure 3. Figure 5 illustrates a stacked 



wire monitor which combines the approaches of the em- 
bodiments of Figures 3 and 4, wherein wires are stacked 
up MC, Ml, M2,...LM, and wind in a serpentine conductive 
path around the IC chip similar to the embodiment of Fig- 
ure 4, and in addition the structure includes a high den- 
sity of additional internal vias 50 similar to the embodi- 
ment of Figure 3. The stacked wire monitor of Figure 5 is 
useful to lower the overall resistance of the detector or 
sensor circuit. The embodiment of Figure 5 can be used to 
sense a corrosion fail in the same manner as the previ- 
ously described via chain monitor. 

[0053] The magnitude of the resistance for the stacked wire 

monitor in figure 5 is estimated for a 10 mm* 10mm chip, 
assuming the following: 

[0054] o.05 ohms/square copper wire resistance, 

[0055] o.5-micron average wire width, 

[0056] using these values results in the following calculated re- 
sistance for an undamaged test structure 

[0057] single level wire resistance = 0.05 ohms * 40000 microns 
/ 0.5 micron = 4-kOhm, 

[0058] i/Total wire resistance = 7* (1/single level wire resis- 
tance) = 7/(4000) =1/571, 



[0059] Total wire resistance ~ 600 ohms. 

[0060] a further embodiment can use a wire-to-wire leakage 
sensor consisting of electrically isolated adjacent wires 
running parallel to each other, side by side and/or stacked 
above each one, If a crack propagated to the moisture 
barrier/edge seal, resulting in copper corrosion, copper 
nodule corrosion byproducts would increase the wire to 
wire leakage currents, which are sensed to determine a 
corrosion fail. 

[0061] | n further embodiments, a combination of these or other 
similar structures can be combined together into a sensor 
for optimal sensitivity to a single chip crack-induced edge 
seal corrosion occurrence. 

[0062] while several embodiments and variations of the present 
invention for a electrical detection of dicing damage are 
described in detail herein, it should be apparent that the 
disclosure and teachings of the present invention will 
suggest many alternative designs to those skilled in the 
art. 



